[1] Extreme space weather events are known to cause adverse impacts on critical modern day technological infrastructure such as high-voltage electric power transmission grids. On 23 July 2012, NASA's Solar Terrestrial Relations Observatory-Ahead (STEREO-A) spacecraft observed in situ an extremely fast coronal mass ejection (CME) that traveled 0.96 astronomical units ( 1 AU) in about 19 h. Here we use the Space Weather Modeling Framework (SWMF) to perform a simulation of this rare CME. We consider STEREO-A in situ observations to represent the upstream L1 solar wind boundary conditions. The goal of this study is to examine what would have happened if this Rare-type CME was Earth-bound. Global SWMF-generated ground geomagnetic field perturbations are used to compute the simulated induced geoelectric field at specific ground-based active INTERMAGNET magnetometer sites. Simulation results show that while modeled global SYM-H index, a high-resolution equivalent of the Dst index, was comparable to previously observed severe geomagnetic storms such as the Halloween 2003 storm, the 23 July CME would have produced some of the largest geomagnetically induced electric fields, making it very geoeffective. These results have important practical applications for risk management of electrical power grids.
Introduction
[2] Space weather is a major concern for modern day society because of its adverse impacts on technological infrastructure such as power grids, oil pipelines, and global navigation systems. Earth directed space weather events such as coronal mass ejections (CMEs) are the main drivers of the most extreme geomagnetic storms in the near-Earth space environment. The threat of adverse impacts on critical technological infrastructure like power grids has prompted renewed interest in extreme geomagnetic storms in order to further our understanding of these events [see, e.g., Thomson [4] Understanding of the magnetosphere and ionosphere dynamics during extreme solar wind driving is still a major challenge mainly because of a lack of data during time intervals when the magnetosphere is being strongly driven [see, e.g., Ridley et al., 2006] . Therefore, complete or good quality solar wind measurements from observed extreme space weather events can provide vital information for the study on the Earth's response to extreme space weather, particularly in relation to geomagnetically induced currents (GIC) that are a threat to the safe and efficient operation of high-voltage electrical power transmission systems.
[5] On 23 July 2012, a CME was hurled away from the Sun's active region AR1520 with a Rare speed (Rtype) of approximately 2500˙500 km/s [Baker et al., 2013] . The R-type CME typification is based on a recent report by Evans et al. [2013] . This particular CME was not Earth directed, but was the fastest ever observed in situ by NASA's STEREO-A (Solar Terrestrial Relations Observatory-Ahead of Earth in its orbit) spacecraft [Kaiser et al., 2008] . A detailed account of the interplanetary properties of this CME is given by Russell et al. [2013] . Also, this unusual space weather phenomenon produced the highest flux ever recorded by STEREO-A with a solar energetic particle (up to 100 MeV) event estimate of 4.52 10 4 pfu, where pfu = proton flux unit = particles/sr cm 2 s. Events such as the 23 July 2012 CME event offer an unprecedented opportunity to explore the effects of extreme space weather.
[6] For the purpose of the present study, we consider NASA's STEREO-A spacecraft in situ observations to represent the upstream L1 solar wind boundary conditions that are used as driving conditions for the global magnetospheric MHD model. Our primary goal is to examine the geomagnetically induced electric field response that this R-type space weather event could have generated had it hit the Earth.
MHD Modeling Process
[7] In this paper, the modeling process is performed using the Space Weather Modeling Framework (SWMF) developed at the University of Michigan [Tȯth et al., 2005] . The MHD simulations were performed using the facilities available at the Community Coordinated Modeling Center (CCMC) operating at NASA Goddard Space Flight Center. SWMF is a flexible framework that integrates various physics-based numerical models into a highperformance coupled model via a standardized interface and a highly efficient parallel coupling toolkit. The SWMF creates an environment where simulations that were impossible with individual physics models can be performed. The core design and implementation of the SWMF is described in-depth by Tȯth et al. [2005] . which demonstrates that increasing the global SWMF spatial resolution and the inclusion of the ring current dynamics is seen to improve the SWMF capability to generate more realistic ground magnetic field fluctuations. Therefore, all these works discussed above demonstrate that the SWMF modeling is reliable and sufficient for our applications.
[10] The SWMF predicts in a self-consistent manner the dynamic response of the large-scale magnetosphere to changing solar wind conditions using the block-adaptive tree solar wind Roe-type upwind scheme (BATS-R-US) global MHD code [Powell et al., 1999] . Here the global magnetosphere cavity is simulated in a moving computational box defined by dimensions -224 R E < x < 32 R E , -128 R E < y < 128 R E , -128 R E < z < 128 R E , where R E is the Earth radius, with the Earth placed at the center. The dipole tilt in the simulation is set to update throughout each run so that it is dependent on the day of the year and the time of the day. The simulation was carried out on a blockadaptive grid having a sparse resolution of 1/4R E , resulting in about 1 million global MHD model cells. We set interplanetary magnetic field (IMF) Bx = 0 for this simulation to keep divergence-free condition. Generally, SWMF simulations at CCMC suggest that the results are not very sensitive to Bx, but to some extent, this condition may lead to a slight modification in the progression of events, as there is no magnetic rotation along the x axis [see, e.g., Groth et al., 2000]. However, this condition does not have a significant bearing for our applications because the geomagnetic strength is largely controlled by Bz component. Furthermore, magnetopause currents are mapped at 3 R E , while the inner magnetosphere boundary is set at 2.5 R E . It should be noted that inner magnetosphere currents also map into the ionosphere. Figure 5 , the most noteworthy changes in the magnetotail region during the disturbed period can be related to the large changes in the geoelectric field on the ground at about 22:50 UT. This further reinforces our assertion that the largest geoelectric fields are related to substorm activity.
Data Sources and Methods

Simulation Results and Discussions
Conclusion
[24] In this paper, we considered STEREO-A in situ observations to represent the upstream L1 solar wind boundary conditions that were used as driving conditions for the global MHD model. Our results show that the largest simulated induced geoelectric fields were observed on the nightside in the European high-latitude sector. Further investigation reveals that this is related to magnetospheric substorm activity, as simulated plasmoid features were observed in the magnetotail around this same time period (22:50 UT).
[25] Generally, higher levels of geoelectric fields can drive large GIC in Earth conductors such as power grids, and therefore are a source of concern for power grid operators [e.g., Pulkkinen et al., 2005, and references therein]. Consequently, had the 23 July CME hit Earth, there is a possibility that it could have produced comparable or slightly larger geomagnetically induced electric fields to those produced by previously observed Earth directed events such as the March 1989 storm or the Halloween 2003 storms. The implication is that, power systems could have been exposed to high levels of electric currents with the potential to drive large amplitude GIC, thereby increasing their susceptibility to GIC risks. It is important to emphasize here that a power system's response to geomagnetic disturbances is governed by several factors, and the geoelectric field amplitude is only one part of the full power system impact analysis [North America Electric Reliability Corporation (NERC), 2012]. Lastly, we would like to point out that much more detailed investigations of the 23 July CME are still ongoing, including the effects of changing the CME magnetic field structure orientation seen by the magnetosphere that may amplify the storm strength from that presented here.
